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We analyse various low-redshift cosmological data from Type-Ia Supernova, Baryon Acoustic
Oscillations, Time-Delay measurements using Strong-Lensing, H(z) measurements using Cosmic
Chronometers and growth measurements from large scale structure observations for ΛCDM and
some different dark energy models. By calculating the Bayesian Evidence for different dark energy
models, we find out that the ΛCDM still gives the best fit to the data withH0 = 70.3
+1.36
−1.35 Km/s/Mpc
(at 1σ). This value is in 2σ or less tension with various low and high redshift measurements for H0
including SH0ES, Planck-2018 and the recent results from H0LiCOW-XIII. The derived constraint
on S8 = σ8
√
Ωm0/0.3 from our analysis is S8 = 0.76
+0.03
−0.03, fully consistent with direct measurement of
S8 by KiDS+VIKING-450+DES1 survey. We hence conclude that the ΛCDM model with parameter
constraints obtained in this work is consistent with different early and late Universe observations
within 2σ. We therefore, do not find any compelling reason to go beyond concordance ΛCDM model.
INTRODUCTION
Different cosmological observations of the last couple of
decades have surprised us with extraordinary results and
puzzles, in particular the fact that our universe is now in
an accelerated expansion, first confirmed by Type-Ia Su-
pernova observations (SN) [1, 2] and later verified by host
of other cosmological observations including the CMB
[3, 4] and LSS observations [5]. The evidence for the ac-
celerated expansion requires existence of a repulsive grav-
ity at large cosmological scales defying our usual notion
of gravity as an attractive force. This demands either the
existence of mysterious dark energy in the energy bud-
get of the universe or the modification of Einstein grav-
ity at large cosmological scales. A positive cosmological
constant (Λ) is the simplest way to incorporate repulsive
gravity in Einstein’s GR. The concordance ΛCDM model
is consistent with most of the cosmological observations
today including the latest Planck-2018 [6] measurements
of the Cosmic Microwave Background (CMB). Nonethe-
less, cosmological constant as dark energy suffers from
severe technical naturalness and from fine-tuning of the
observed value of Λ, motivating people to consider dark
energy models beyond the cosmological constant.
The first serious tension for ΛCDM model emerges
from the Local measurement of the expansion rate of the
universe (SH0ES project) by Riess et al. in 2016 (R16)
[7] and then the latest one in 2019 (R19)[8]. Their model
independent measurement of the Hubble parameter at
present is H0 = 74.03± 1.42 Km/s/Mpc which is in 4.4σ
tension with the result H0 = 67.4± 0.5 Km/s/Mpc from
the latest Planck-2018 [6] compilation for a concordance
ΛCDM model. If one also combines the latest Strong-
Lensing time-delay measurements of H0 by H0LiCOW
(H0LiCOW-XIII) [9] to the local measurement of H0 by
R19, the tension with Planck-2018 value of H0 exceeds
5σ level for the ΛCDM model [10].
The effects of accelerated expansion and dark energy
are also imprinted in the Baryon Acoustic Oscillations
(BAO) at the time of recombination. The observations
of BAO peaks in galaxy surveys give accurate measure-
ments of rdH0, the product of sound horizon size at drag
epoch rd and the present day Hubble parameter H0. For
the concordance ΛCDM model, CMB measurement by
Planck-2018 gives rd = 147.05 ± 0.30 Mpc [6]. Using
this value of rd, inverse distance ladder method [11] us-
ing BAO and CMB, gives H0 around 67 Km/s/Mpc,
which is in more than 4σ tension with R19. On the other
hand, assuming low-redshift anchor for H0 from R16 and
H0LiCow, BAO measurements gives rd around 136 Mpc
[12] irrespective of the dark energy model. This is in 3σ
tension with value obtained by Planck-2018 for ΛCDM.
While the amount of tension depends on how one cali-
brates BAO measurements, there is always a large ten-
sion between high and low redshift observations either
for H0 or for rd.
This large tension may be due to unaccounted system-
atic in the local H0 measurements. Whether we are living
in a local underdense region or a void as possible system-
atic has been studied [13, 14] (see however [15]), showing
that this effect is too small to resolve the discrepancy of
6 Km/s/Mpc in H0 between low and high redshift mea-
surements [16]. Similarly, weak lensing of the Supernova
magnitudes has been shown to have too little effect to
account for the current tension [17].
Efforts have also been made to introduce new physics
both at early time as well as at late times to resolve
this tension. Models with early dark energy [18], extra
relativistic species [19], decay of dark matter to dark ra-
diation [20, 21], evolving dark energy [22–26], interacting
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2dark energy [27], possibility of existence of negative cos-
mological constant [28, 29], phantom dark energy [30] ,
effect of non-Gaussian primordial fluctuation [31], exis-
tence of screened fifth force in the local universe [32] or
modified gravity theory at low redshifts [33] are some of
the recent attempts to resolve this tension.
Recently an independent local measurement of the H0
has been carried out by the Carnegie-Chicago Hubble
Program (CCHP) and presented by Freedman et al (F19)
[34]. Instead of the calibration using the Cepheids to
Type-Ia Supernova magnitudes, as used in R19 measure-
ments, they have used the calibration of the Tip of the
Red Giant Branch (TRGB) in the nearby galaxies. With
this, F19 presented the measured local H0 value which is
H0 = 69.8± 0.8 (stat)±1.7(sys) Km/s/Mpc. This agrees
with the Planck-2018 measured value within 1.2σ and
with R19 measured value within 1.7σ. Given that the
method of calibration in R19 and F19 are completely in-
dependent, the comparatively lower value obtained by
F19 shows that one needs to be careful before drawing
any conclusion on the tension between local measurement
of H0 and that extracted from the CMB. Recently, us-
ing both TRGB and SNe Ia distance ladder, Yaun et al.
have determined the value for the Hubble constant to be
H0 = 72.4± 1.9 Km/S/Mpc [35].
As mentioned above, the recent results by H0LiCOW-
XIII [9] experiment for time-delay measurements with
six Strong Lensing systems, have reported an indepen-
dent measurement of H0 for ΛCDM model which is
H0 = 73.3
+1.7
−1.8 Km/s/Mpc. This value is consistent
with both R19 and F19 results but is in 3.1σ tension
with Planck-2018 measured value. However, the mea-
sured values of H0 for individual six lenses vary from
68.9 Km/s/Mpc to 81.1 Km/s/Mpc, too wide for any
definite conclusion regarding the H0 tension.
With this background, we reanalyze the available low-
redshift observational data assuming different dark en-
ergy models which affects only the late time cosmology.
We exclude the local measurements of H0 either by R19
or F19 so that the measured values of different cosmolog-
ical parameters including H0, are not biased due to dif-
ferent calibrations used in R19 and F19. While using the
BAO data, we also do not bias our results by assuming a
prior on rd (sound horizon scale at drag epoch) as given
by Planck-2018. We allow it to be a free parameter in our
analysis and determine it from low-redshift observations
to corroborate with the findings from the Planck-2018 re-
sults. Our aim is to examine if low-redshift data (without
local measurement of H0) also exhibit significant tensions
in measured values of different cosmological parameters.
In the next two sections we respectively discuss the dark
energy models/parameterizations and cosmological data
that we use for our analysis. We then present our results.
Finally, we conclude with some discussions that includes
the implications of our results for S8 observations.
MODELING LATE TIME COSMOLOGY
To begin with, we assume spatially flat FRW cos-
mology for the background universe and normalise the
present value of scale factor a0 = 1. Throughout the
manuscript, subscript “0” represents parameter values at
present (z = 0). We consider the following dark energy
models for our background cosmology:
• ΛCDM model with the Hubble parameter H(z),
H2(z)
H20
= Ωm0(1 + z)
3 + (1− Ωm0). (1)
Here Ωm0 is matter density parameter today.
• wCDM model with dark energy model of a constant
equation of state w and the Hubble parameter H(z),
H2(z)
H20
= Ωm0(1 + z)
3 + (1− Ωm0)(1 + z)3(1+w) . (2)
• CPL model: Dark energy model with an equation of
state w(z) = w0 + wa(1 − a) = w0 + wa z1+z where w0
and wa are two arbitrary constants [36, 37] and
H2(z)
H20
= Ωm0(1 + z)
3 + (1− Ωm0)f(z), (3)
where f(z) = exp
(
3
∫ z (1+w(x))
1+x dx
)
.
• Pade Model for dark energy: Unlike the previous
cases we do not assume any specific parametrisation
for the dark energy equation of state. Rather, we as-
sume a generic dark energy behaviour beyond a cos-
mological constant Λ. The simplest way to model de-
viation from a constant dark energy density is Taylor-
expansion around Λ for the dark energy density. As we
are interested in the low-redshift observations, we do
the expansion around the present day (a0 = 1):
ρde(a) = ρ0 + ρ1(1− a) + ρ2(1− a)2 + ... (4)
Here ρ0 is the present value of the dark energy density
and ρ1 and ρ2 are two expansion parameters. If one
rewrites the above expression in terms of the redshift
z, the dark energy density takes the form:
ρde(a) =
ρ0 + (2ρ0 + ρ1)z + (ρ2 + ρ1 + ρ0)z
2
1 + 2z + z2
which is Pade expansion of order (2,2) around z = 0
with properly identified expansion coefficients [38]. In
our subsequent analysis, we assume the dark energy
density as a general Pade expansion of order (2,2)
around z = 0. The Hubble parameter H(z) is then
given by
H2(z)
H20
= Ωm0(1 + z)
3 + (1− Ωm0)P(z) , (5)
3Parameter Models Prior (uniform)
Ωm0 All [0.1, 0.9]
H0 All [50, 90] Km/s/Mpc
σ8 All [0.6, 1.0]
rd All [130,170]
w wCDM , [-1.9, -0.4]
w0 CPL [-1.9, -0.4]
wa CPL [-4.0, 4.0]
Table I: Parameters used in different models and their prior.
where
P(z) = 1 + P1z + P2z
2
1 +Q1z +Q2z2
, (6)
with P1, P2, Q1, and Q2 being four expansion param-
eters. This parametrisation of dark energy density al-
lows a host of dark energy behaviour including phan-
tom to non-phantom crossing as well as a negative ef-
fective dark energy density which may arise in scalar
tensor theory models of dark energy [28]. Note that
for very small and very large redshifts, the dark energy
density approaches a constant value as in cosmological
constant and the model approaches ΛCDM.
DATA SETS USED
To constrain different dark energy models mentioned
above, we consider the following observational data:
• Isotropic BAO measurements by 6dF survey (z =
0.106) [39], SDSS-MGS survey (z = 0.15) [40] as well
as by eBOSS quasar clustering (z=1.52) [41]. We also
consider anisotropic BAO measurements by BOSS-
DR12 at z = 0.38, 0.51, 0.61 [42]. Finally we con-
sider BAO measurement by BOSS-DR12 using Lyman-
α samples at z = 2.4 [43]. Hereafter, we will call all
these data together as “BAO” data.
• Angular diameter distances measured using water
megamasers under the Megamaser Cosmology Project
at redshifts z = 0.0116, 0.0340, 0.0277 for Megamasers
UGC 3789, NGC 6264 and NGC 5765b respectively
[44–47], hereafter “MASERS”. We will also make some
comments on the very recent NGC 4258 data and its
implications for H0 [48] in the discussion part.
• Strong lensing time-delay measurements by H0LiCOW
experiment (TDSL) by Bonvin et al. (2017) [49] for
three lens systems, hereafter hereafter “SL” data. Note
that we have not considered the recent H0LiCOW-
XIIIsurements [9] of six lenses. We discuss this in the
later part of the paper.
• Latest Pantheon data for SNIa in terms of H(z)/H0 as
compiled by Gomez-Valent & Amendola (2018) [50],
here- after “SN” data.
ΛCDM
Parameters BASE +CC +fσ8
Ωm0 0.29
+0.014
−0.014 0.29
+0.013
−0.013 0.29
+0.013
−0.013
rd (Mpc) 141.72
+4.55
−4.56 144.66
+2.81
−2.83 144.71
+2.9
−2.9
H0 (Km/s/Mpc) 71.74
+2.22
−2.22 70.26
+1.38
−1.37 70.3
+1.36
−1.35
σ8 — — 0.77
+0.03
−0.03
S8 = σ8
√
Ωm0/0.3 — — 0.76
+0.03
−0.03
Table II: Constraints on parameters for ΛCDM for different
set of observation data. The error bars quoted are at 1σ confi-
dence interval. “BASE” denotes “BAO+MASERS+SL+SN”.
wCDM
Parameters BASE +CC +fσ8
Ωm0 0.284
+0.018
−0.018 0.285
+0.017
−0.017 0.30
+0.009
−0.009
rd (Mpc) 141.76
+4.44
−4.48 144.77
+2.88
−2.87 144.51
+2.90
−2.92
H0 (Km/s/Mpc) 71.44
+2.21
−2.17 69.97
+1.4
−1.4 70.27
+1.44
−1.43
w −0.96+0.07−0.06 −0.96+0.06−0.06 −1.02+0.03−0.03
σ8 — — 0.76
+0.03
−0.03
S8 = σ8
√
Ωm0/0.3 — — 0.756
+0.03
−0.03
Table III: The same as Table II but for wCDM model.
• OHD data for Hubble parameter as a function of red-
shift using cosmic chronometers as compiled in Gomez-
Valent & Amendola (2018) [50], hereafter “CC” data.
• Finally, the measurements of fσ8 by various galaxy
surveys as compiled by Nesseris et al. [51], hereafter
“fσ8” data. This is “Gold-17” sample for fσ8 mea-
surements. We have implemented the corrections for
the dependence on fiducial cosmology used to convert
redshifts into distances as described in [51] (see also
[52]). Here f is the growth parameter for the linear
matter density fluctuation f = d log δd log a , with δ being the
linear matter overdensity and σ8 is the rms fluctuation
of linear matter overdensity on 8h−1 Mpc scale.
Combination of the first four set of data (BAO +
MASERS + SL + SN) is termed as “BASE” set in our
subsequent analysis. The priors for different parameters
considered in our analysis are given in Table I. We use
the publicly available code “Emcee” [53] to generate the
MCMC for different models for the above set of data.
RESULTS
The constraints on different cosmological as well as
model parameters for different combination of data, are
shown in Tables II, III, IV and V. Different columns in
these tables correspond to different combinations of data
sets where we separate out the effects of adding Cos-
mic Chronometers (CC) data, and the fσ8 data. As one
can see from these tables, the constraints on three cos-
mological parameters (Ωm0, rd, H0), are nearly the same
for different dark energy models except that CPL and
Pade prefer slightly lower value of Ωm0 and Pade prefers
4CPL
Parameters BASE +CC +fσ8
Ωm0 0.232
+0.054
−0.063 0.23
+0.054
−0.06 0.241
+0.039
−0.041
rd (Mpc) 141.28
+4.56
−4.63 144.75
+2.8
−2.73 144.88
+2.84
−2.95
H0 (Km/s/Mpc) 71.87
+2.33
−2.28 70.22
+1.4
−1.4 70.19
+1.48
−1.46
w0 −0.96+0.08−0.08 −0.96+0.08−0.08 −0.97+0.07−0.07
wa 0.56
+0.42
−0.46 0.57
+0.41
−0.45 0.56
+0.38
−0.39
σ8 — — 0.85
+0.08
−0.07
S8 = σ8
√
Ωm0/0.3 — — 0.76
+0.029
−0.029
Table IV: The same as Table II but for CPL model.
PADE
Parameters BASE +CC +fσ8
Ωm0 0.355
+0.12
−0.12 0.31
+0.09
−0.07 0.263
+0.046
−0.044
rd (Mpc) 140.35
+4.7
−4.81 144.76
+2.9
−2.9 145.06
+2.95
−2.94
H0 (Km/s/Mpc) 73.6
+2.7
−2.7 71.22
+1.8
−1.8 71.14
+1.7
−1.7
P1 −0.735+2.31−1.92 1.48+2.28−2.13 2.55+1.58−1.59
P2 −0.43+1.92−1.83 0.17+1.99−1.65 0.67+2.11−2.05
Q1 0.9
+1.98
−1.2 1.49
+2.16
−1.78 2.41
+1.69
−1.77
Q2 0.14
+0.11
−0.11 0.101
+0.096
−0.098 0.095
0.09
−0.09
σ8 — — 0.700
+0.03
−0.03
S8 = σ8
√
Ωm0/0.3 — — 0.654
+0.06
−0.06
Table V: The same as Table II but for Pade model.
slightly higher value for H0. But all of them are con-
sistent within 1σ error bar. Note that the inclusion of
Cosmic Chronometers data always make the H0 value
smaller which is more compatible with the derived H0
value from the high red-shift data. Further inclusion
of fσ8 does not change H0 value much. All the values
of H0 for different dark energy models for the full data
sets (BASE+CC+fσ8) are fully consistent with F19 [34].
For ΛCDM, we obtain H0 = 70.3
+1.36
−1.35 for full data sets.
This is in tension with both Planck-2018 [6] and R19 [8]
results at 2.01σ and 1.9σ respectively and with recent
H0LiCOW-XIII measurements for six lenses at 1.33σ. In
other words, for ΛCDM, our H0 measurement with var-
ious low-redshift observations are consistent with R19,
F19, Planck-2018 as well as recent H0LiCOW-XIII [9]
measurements with 2σ or less error bar. Moreover this re-
sult still holds for our different dark energy models. Note
that we use the H0LiCOW(2017) data for three lenses,
however, our measured value for H0 is consistent with the
combined measurement for H0 by latest H0LiCOW-XIII
for six lenses. Figure 1 depicts the marginalised H0 value
with 1-σ error for different models for different combina-
tions of the data, clearly showing the consistency of H0
measurements for different dark energy models.
At this point, it is important to remind ourselves that
the derived parameter values must not be in substan-
tial conflict with the high red-shift Planck data. In our
analysis, we do not take the full Planck likelihood in con-
sideration to derive the best fit parameters. Rather, we
cross-check that our derived parameters are not in ma-
jor deviations from the Planck-2018 parameter values.
60 65 70 75 80
H0[kms
−1Mpc−1]
– ΛCDM
– wCDM
– CPL
– PADE
BASE
+CC
+CC+ fσ8
Figure 1: Values of H0 with 1-σ error for several models stud-
ied in the work. The results are shown for different combina-
tions of data-sets studied.
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Figure 2: 1σ and 2σ constrained contours inH0−rd parameter
plane. The horizontal green band is 1σ constraints on H0 by
R19. The horizontal (vertical) grey band is constraint on H0
(on rd) from Planck-2018. Here the “BASE+CC+fσ8” data
sets is used.
As noted in the Introduction, CMB measurements by
Planck-2018 gives the sound horizon scale at drag epoch
rd = 147.05 ± 0.30 Mpc. Using the low red-shifts data,
we obtain rd = 144.68
+2.9
−2.9 for ΛCDM model with all the
data sets, which is in less than 1σ tension with Planck-
2018 result. Here also, note the importance of Cosmic
Chronometers data whose inclusion always make the rd
value larger, making it more consistent with CMB result
for rd.
In Figure 2, we show the constraint in the (H0, rd)
contour plane. As one can see, the constrained contours
are very similar for different dark energy models and both
565 70 75 80 85
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−1Mpc−1]
EARLY
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Planck
67.4−1.2+1.2
DES+BBN+BAO
73.6−3.9+3.9
Miras
74.8−3.9+3.9
MCP
76.5−4.0+4.0
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72.4−1.9+1.9
Yuan et al.
74.0−1.4+1.4
SH0ES
69.8−1.9+1.9
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73.3−1.8+1.7
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70.3−1.35+1.36
Our work
Tension w.r.t Our Work
2.01σ
1.61σ
0.80σ
1.08σ
1.46σ
0.90σ
1.90σ
0.21σ
1.33σ
Flat ΛCDM
Figure 3: H0 measurements with 1σ error bars from different
observational data including the one reported in this work for
ΛCDM model. We also show the tensions in our measure-
ment with low-redshift observations compared to other ob-
servations. The DES+BBN+BAO, MIRAS, MCP and SBF
measurements are taken from [10]. For the rest of the mea-
surements, see the text.
ΛCDM wCDM CPL PADE
LnZ -60.59 -69.08 -63.24 -63.38
Table VI: Bayesian Evidence for different dark energy models.
H0 and rd constraints are consistent with R19 and also
with the Planck-2018 measurements.
To summarise, the combination of “BASE+CC+fσ8”
gives consistent constraints on both H0 and rd parame-
ters for different dark energy models showing no pref-
erence for models beyond ΛCDM. Moreover the con-
straints on H0 = 70.3
+1.36
−1.35 for ΛCDM model is in 2σ
or less tension with both high-redshift (Planck-2018,
DES+BBN+BAO) and local measurements (R19, F19,
H0LiCOW). This is depicted in Figure 3 where different
measurements for H0 (as quoted in [10]) are shown in-
cluding that from the current analysis. We also show the
tension in our current H0 measurement with other H0
measurements; in all cases the tensions are within 2σ or
less.
Finally we calculate the “Bayesian Evidence” or
“Global Likelihood” for the dark energy models consid-
ered in this work. The Bayesian evidence is defined as
Z =
∫
P (D|θ)P (θ)dwθ. (7)
Here D represents the data considered, θ represent the
model parameters, w is the dimension of the parameter
space, P (D|θ) represents the likelihood function for the
parameters θ given the data D and P (θ) is the prior dis-
tribution for the parameters θ. With this, we use the
ΛCDM wCDM CPL PADE
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Figure 4: Values of H0rd (in Km/s) for different dark energy
model. The data set used “BASE+CC”.
Jeffrey’s scale for Bayesian Evidence to compare mod-
els. In particular if ∆LnZ between two models is more
than 2.5, then the model with higher LnZ is strongly
favoured compared to the model with lower LnZ and
for ∆LnZ > 5, it is decisively favoured. In Table VI,
we show the Bayesian evidence for different dark en-
ergy models: ΛCDM has the highest LnZ compared
to other dark energy models considered and is there-
fore still the best model for the low-redshift observa-
tional data “SN+BAO+MASERS+SL+CC+fσ8”. In-
terestingly, the wCDM is decisively ruled out compared
to ΛCDM by the low-redshift data and both CPL and
PADE are also strongly disfavored compared to ΛCDM.
DISCUSSIONS AND CONCLUSIONS
As discussed, BAO observations measure the combi-
nation H0rd rather than H0 and rd individually. In our
analysis, we include the BAO measurement by BOSS-
DR12 with Lyman-α samples at redshift z = 2.4. To
see the effect of this particular observation from BAO-
Lyman-α in our analysis, we show in Figure 4, the con-
straints on the combination H0rd for different dark en-
ergy models with and without this Lyman-α measure-
ment at z = 2.4. As one can see, the Lyman-α data for
BAO at z = 2.4 does not affect the constraint on the com-
bination H0rd. Constraints on H0rd are uniform across
different dark energy models considered in this analysis,
except for the Pade which gives a slightly higher mean
value, and our H0rd value is consistent with Planck-2018
within 2σ. There are updated results for BAO-Lyman-
α measurement by eBOSS-DR1 [54] for which the ten-
sion with Planck-2018 has been reduced. However, from
Figure 2 we can safely conclude that incorporating this
updated data will have minimal effect on our results.
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Figure 5: 1σ and 2σ contours in (H0, S8) plane (Left Figure) and in (Ωm0, S8) (Right Figure) for different dark energy models.
The grey band is 1σ bound for S8 from KiDS+VIKING-450+DES-Y1 survey results. The green band in the Left Figure is the
1σ bound on H0 from R19.
Next, we explore another tension between the high-
redshift CMB and the corresponding low-redshift mea-
surements. This is related to the growth of large scale
structures in the Universe. Weak lensing by large scale
structures is one of the most accurate probes to mea-
sure the growth of structures in the Universe and the
underlying cosmology. The Kilo-Degree Survey (KiDS)
spanning 450 square-degrees in the sky combined with
VISTA Kilo Degree Infra-Red Survey (VIKING) [55],
has recently performed a robust tomographic cosmic
shear analysis and measured the S8 parameter related to
the amplitude of the cosmic shear due to weak lensing:
S8 = 0.737
+0.040
−0.036. This measured value is in 2.3σ tension
with the corresponding value obtained by Planck-2018
for ΛCDM. There is, moreover, a combined tomographic
weak lensing analysis of KiDS+VIKING and Dark En-
ergy Survey (DES-Y1) [56]. The constraint on S8 from
this combined analysis is S8 = 0.762
+0.025
−0.024 which is in
2.5σ tension with Planck-2018 result for ΛCDM. These
tensions are not as large compared to H0 tension dis-
cussed before and we still do not know whether this ten-
sion between early and late universe measurements is due
to unknown systematic or it hints some new physics be-
yond ΛCDM model.
In our current analysis, however, we have obtained an
independent constraint on S8 solely from the low-redshift
observations using measurements of fσ8 by various sur-
veys. Note that for ΛCDM model and assuming Ein-
stein GR is the correct theory of gravity, fσ8 ∼ Ω0.55m σ8
whereas S8 scales as S8 ∼ Ω0.5m σ8. Hence, if ΛCDM is
the true model, using fσ8 data itself, one also expects
to get strong constraint on S8. Moreover, if ΛCDM is a
true model, from these two scaling relations, one expects
a very small correlation between S8 and Ωm0.
For different dark energy models the constraint on S8
are shown in Tables II, III, IV and V. The constraint on
S8 is uniform over different dark energy models except
for Pade where the mean value is substantially less, but
with a larger error bar. In particular, the constraint is
S8 = 0.76
+0.03
−0.03 for ΛCDM which is perfectly consistent
with KiDS+VIKING-450+DES-Y1 result, though with
slightly larger error bars compared to the latter. The
confidence contours in (S8,Ωm0) and in (S8, H0) param-
eter space are shown in Figure 5 which shows negligible
correlation between S8 and Ωm0 for wCDM and CPL
models confirming no deviation from ΛCDM behaviour.
This confirms that the independent indirect measure-
ment of S8 using low-redshift “BASE+CC+fσ8” data
set, is fully consistent with the direct measurement of
S8 by KiDS+VIKING-450+DES-Y1. In this case, too,
there is no need to go beyond ΛCDM.
To conclude, we revisit the low-redshift observa-
tional data “SN+BAO+MASERS+SL+CC+fσ8” as-
suming different dark energy models including ΛCDM.
Our goal is to check what the low-redshift data has to
say about the current tension in H0 measurements from
early and late Universe. Our results show that the low-
redshift data sets yield consistent constraints for cosmo-
logical parameters across different dark energy models
and the constraints on H0 and rd are consistent with both
R19 and Planck-2018 measurements to 2σ level. In draw-
ing this conclusion, the addition of Cosmic Chronome-
ters data H(z) plays a crucial role by pushing H0 value
towards a smaller value (closer to the Planck results),
7whereas making rd larger. Also our derived value of
S8 is fully consistent with the direct measurement of
S8 by KiDS+VIKING-450+DES-Y1 survey. We show
that there is no clear evidence for models beyond ΛCDM
for this set of low-redshift data. Moreover in terms of
Bayesian Evidence, ΛCDM is still the best model com-
pared to other dark energy models analyzed. Just re-
cently, a improved distance to megamaser NGC-4258
have been measured giving an updated estimate for H0
which is H0 = 71.1 ± 1.9 KM/s/MPc [48]. This is fully
consistent with our measured value of H0 for ΛCDM as
quoted in Table II with a tension less than 1σ. Moreover,
Liao et al have recently obtained a model independent H0
constraint using the SnIa and strong lensing measure-
ment by H0LiCOW. Their model independent constraint
is H0 = 72.2 ± 2.1 KM/s/MPc [57] for a spatially flat
Universe which is in less than 1σ tension with our result
for ΛCDM confirming again the consistency of our result
with other constraints obtained by different methods.
The ΛCDM with model parameters as shown in Table
II is consistent with R19, F19, Planck-2018, H0LiCOW-
XIII as well as KiDS+VIKING-450+DES-Y1 and the
tensions with each of these observations are always within
2σ or less. Hence ΛCDM model with parameters as men-
tioned in Table II best represents the current Universe
without any significant tension.
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